The large-scale and inevitable shift away from the fossil-and nuclear-powered economic model will have dramatic consequences. I will discuss these by looking on the impacts on and of one of the greatest accomplishments of 20 th century culture: global urbanization, modern cities and urban life.
More significantly, the form of energy dependence has triggered a long chain of other environmental damages (Scheer, 1999) , a fact recognised in the 'energy circuit' approach towards urban ecological sustainability measurements (OECD) -an important policy feature of the late fossil fuel age, addressing energy efficiency and conservation.
Fossil Fuel Depletion and Cities
The world's fossil fuel dependency is no less clearly documented than their impending expiration. Fossil fuel use increased five-fold over this past half century, from 1.7 billion tons of oil equivalent in 1950 to 8 billion tons in 1999, providing 85% of the world's commercial energy. The majority of this energy is used either within cities, or for transport from and to cities (Girardet, 1999) .
Most contemporary fuel sources are due to expire well within this century as widely available and predominantly peacefully contested sources, and much of this reality will become globally pervasive within these next decades. Even conservative industry, national and international governmental sources estimate that oil will expire by 2050 -the depletion of the more easily accessible supply sources is likely to take place already in the 2020-2030 time frame (Scheer, 1999) . Given rising use rate scenarios natural gas is likely to evaporate as commercially available source by 2040. The oldest, yet logistically and environmentally most problematic source of industrial fuel supply, coal, is expected to expire for commercially meaningful purposes well before 2100 -provided no large scale efforts of energy fuel substitution is pursued to stretch its deposits, and assuming that socalled 'advanced coal' scenarios can make its use globally useful and accessible.
Uranium supplies are also estimated to reach depletion levels by the mid-2030s, even if the daunting cost, security, safety, disposal and public acceptance dilemmas did not weigh so profoundly against their use.
Significant growth rates in uranium usage are not anticipated, given the risks involved and a waning willingness among many governments to pursue nuclear fission further. Nuclear fusion, more than half a century after its arrival as a great Modern dream, still struggles with enormous conceptual and technical flaws, and the problems associated with huge financial, environmental and political costs. These include the specter of broad public resistance to a new generation of nuclear super-reactors.
This outlook is as troubling as it is under-emphasized in its public significance. Fossil fuels are the life blood of modern economies and the foundation of their petrochemical, transport and industrial production systems. Hence they also sustain the spatial centers of global civilization: cities and city regions. While the modern city in its history, form and growth dynamics is inconceivable without these fuels a persuasive agenda to deal with the prospects equitably, humanely and positively still eludes global and local planners alike. The paradox is perplexing but probably can be explained by the daunting magnitude of the problem.
Mechanisms of denial
Urban dwellers are generally thought of as risk-averse, even timid creatures. Yet urban civilization as a whole is high-risk business, defiantly accelerating business as usual in the face of impending doom.
The single most important means of maintaining a high-risk societal posture is collective denial (Droege, 1994) .
Several denial mechanisms suppress the urge to take up action. They are based on a belief in salvation by technological innovations yet to come; on a relegation of problems and their resolution to others, most frequently the developing world or to future generations; and on the localization of global problems. This last mechanism creates delusions of meaningful action that can be summarized under the motto 'think globally, act locally', such as local recycling campaigns, greening of streetscapes, or the changing of light bulbs. These are all important measures but globally represent a drop in the proverbial bucketfuls required to douse the brushfires of unsustainable conditions. All modern cities have mushroomed on their rich fossil nutrient supply, and especially voracious and dependent are the largest, most rapidly growing urban agglomerations. The very logic of their global rise and regional spread is founded on the availability of powerful, centralized and inexpensive fuels: coal, petroleum and natural gas -yielding fossil urban structures and patterns based on fossil transport, fossil construction machinery and fossil industrial systems and manufacturing processes. Intensive economies and labor markets clustered around the centralized and networked city regions, anchored by heavy investments in infrastructure: power, transport and communications. This has boosted the primacy of cities over -and ultimately detachment from -agrarian hinterlands. It is appropriate to refer to contemporary urban constructs as fossil cities, today more so than ever before. The logic of global urbanization becomes transparent when considering the ready availability of inexpensive fossil power for all urban infrastructures: building construction, lighting, air conditioning, computing, telecommunications and massive freight and human transport systems on surface, sea and air. These new bundles of infrastructure at once link cities globally and drain their regions. As a consequence globalized urban systems are inherently more vulnerable to the inexorable decline of global fossil fuel supplies than those that rely more on their local and regional human and land
resources. Yet prevalent international aid ideas still nurture the credo of developing countries and their sprawling cities moving through the bygone stages of fossil electrification based on the by now antiquated power plants and continental grid schemes that the industrial world has moved through in the past 150 years.
There is a powerful culture of local environmental action, nurtured over more than a generation of broadly publicized global environmental threats. Yet local action that is not squarely focused on tangible outcomes and measurable targets that are both locally and globally meaningful is tangibly only useful in maintaining community sanity. The risk is that it can produce a sense of security brought about the satisfaction that is derived from in small personal advancements.
While a few local urban systems may seem relatively safe from a terminal fossil fuel shock through their reliance on hydro-electric, nuclear or bio-energetic power, no currently utilized alternative energy source alone can keep operational the vast majority of cities. Also, the interconnectedness of the global system makes it impossible to seriously contemplate the survivability of regional pockets of self-sufficiency. The only viable option to secure the continuity of urban civilization in this century is a system-wide turn to a broad portfolio of renewable energy sources based on an overwhelming availability of solar, wind, wave, hydrogen based and other renewable forms of energy. The alternative to this path lies in a massive military build-up as its is already being prepared by some leading economies. A global and open escalation of the simmering war over regional fossil resources, currently contained largely in local and regional conflicts is inevitable without a broad and world-wide introduction of renewable energy sources. Cities and city dwellers would bear the brunt of such conflicts. However, the impending evaporation of fossil fuels is not the only threat to the survivability of the modern global urban system.
Greenhouse Gas Emissions: Trade, Abatement or Elimination?
Global climate change is likely to be the most enduring and devastating effect of the massive, recent and rapid world-wide burning of much of the global Carbon Age heritage: the organic carbon stores, deposited and sequestered, for example, in coal sediment layers over the past 330 million years (Wahlefeld) . The massive release of stored carbon dioxide and other gases of similar atmospheric agency destabilizes the planetary climate system through the radiation feedback mechanism known as the greenhouse effect. The results of a warming earth surface include rising ocean levels, affected food crops, shifting regional weather patterns and the advance of tropical diseases. There is also the distinctive prospect of catastrophic feedback effects, such as volcanic eruptions in glacial areas, the disturbance of oceanic methane strata and the thawing of methane-rich frozen tundra.
As primary energy consumers cities and other urban systems represent the largest single source of CO 2 equivalent greenhouse gas emissions. As urban growth is further fuelled by the fossil-fed economy, the proliferating and growing agglomerations are becoming increasingly serious offenders in carbon emissions and -as they accumulate fossil-fuel based infrastructure and other capital investment -ever more difficult to transform into a renewables-based, zeroemissions regime.
The protocol resulting from the 1997 Kyoto United Nations Framework Convention on Climate Change had most industrialized nations agree to a five percent cut of carbon-dioxide-equivalent emissions by 2010, although it is widely agreed that a 60% cut is required to actually halt global warming. As a global target based on development equity principles, a figure of 3.3 tons of carbon dioxide-equivalent emissions per person per year, referenced to 1990 figures, is proposed as a total sustainability measure to reflect the actual oceanic and forest sink capacity of the earth (Byrne et al) .
Factoring in the effects of land clearing, the United States today produces nearly 26 tons, and Australia 27, while India still lies well below this level, at 1.8 tons. The large imbalance between nations -the world average lies at seven tonsresults in the specter of a sizable and complex global carbon market, heralded by some as an effective mechanism to achieve overall reductions and equity, and decried by others as a pollution licensing scheme for the rich.
The need to work towards large-scale global reductions to fossil energy consumption as well as greenhouse gas (GHG) emission levels calls for the systematic integration of renewable energy products, systems and processes in cities and regions -where most human emissions originate. Many industrialized countries see mitigating action still largely as a challenge of energy efficiency and conservation measures and expect most savings to be made by lowering electricity consumption in residential and commercial buildings and in altered transport and land-use patterns.
In the long run efficiency and conservation measures have only a limited capacity to reduce fossil fuel use and combat global warming since energy demand will continue to grow well into this century, especially in the developing world. Renewable energy technologies have to be advanced much more intensively in order to be available for a significant and relevant supplementing and replacement role half a century hence. While cities potentially are msjor settings for local environmental action and instruments of international and national greenhouse gas abatement, much of the prevailing urban energy agenda is still aimed either at issues of efficiency, or at highly visible but isolated renewable energy technology installations. At present there is still very little evidence of sustained and comprehensive action, or a general ability to set informed priorities.
Energy and the Form of the Built Environment
As a cultural, economical and technological system the form of the built environment is fundamentally determined by the nature of its fuel supply.
Fossil fuel powered industrial transformations that underpinned broad urban structure change were celebrated by the leaders of the great Modern design movements, from the beginning of the 20 th century (Droege, 2000) . ) and the International Style that spread from the United States throughout the industrialized world.
The fossil machine age is an outgrowth of earlier stages of the Industrial Revolution when water power was a main driver of textile mill operations. Boosted by the industrial application of coal and electricity it gave rise to Frederick Winslow Taylor 's (1856-1915) and Henry Ford's (1863 Ford's ( -1947 ideas about the mechanization of manufacturing (Gideon, 1948) . In their wake the increasingly urban and automated global production-consumption systems of the advanced industrial age boosted global power use at an exponential rate.
But industrialization as powered by electricity, coal-fired steam engines and petroleum combustion motors also meant the rapid growth of cities, driving the search for innovation in urban form. As far as new urban traditions are concerned, a rash of utopian premonitions spread as a result, as revolutionary as the technological changes they were triggered by. Peter Kropotkin's (1842 Kropotkin's ( -1921 and other anarcho-syndicalist influences on ideas about ideal communities were a direct outgrowth of this era. And so were Sir Ebenezer Howard's (1850 Howard's ( -1928 The post-war years in Europe saw powerful expansion plans hatched among the spreading webs of electrification that crisscrossed former farmlands. The Greater London strategy, the satellite city concepts and the Stockholm and Copenhagen finger plans gave bold plan form to a wider, world-wide turn to life in cities, driven by structural shifts and opportunities brought about by the rise of the fossil fuel economy and its promises.
Yet the gleaming new vision of renewed and more orderly, healthier and socially more equitable cities did not escape the Faustian energy reality of advanced industrialization. With the burning of fossil fuel arrived sulfur dioxide, nitrous oxide and a host of other toxic gases as well as carcinogenic airborne combustion particles, creating the smog and air pollution crises of the 1960s and 1970s. Today, with the exception of the greenhouse gases themselves, these have partially conquered as hazards in the industrialized world but still plague most large cities, particularly those of the developing world.
Calls for more concentrated and transit-oriented forms of urban development (Calthorpe, 1993) were signs of this declining stage of the fossil-fuel economy when savings in energy conservation and fuel efficiency were identified as the cheapest, fastest and most immediately useful means to reduce emissions. Denser cities were shown to be more fuel-efficient (Newman and Kenworthy, 1987) . Car dependent, low-density urban structures incapable of sustaining public transport came to be understood as a major hindrance to achieving sustainable urban life. It is clear that in the long run, however, efficiency and conservation measures are not sufficient to halt the powerful world-wide rise in emissions. Massive substitutions of conventional energy technologies will be needed, such as those powering the making, operation, maintenance and upkeep of military machinery, and systems of passenger and freight conveyance with renewable systems of energy supply and use. In order for these new technologies to be in place in time to be of significant use they need to be widely introduced now. In this sense, transit-oriented development and recent attempts at recreating pre-industrial urban patterns such as 'neo-traditional design' and other approaches of 'new urbanism' are important interim measures -but fossil-fuel derived urban form phenomena in themselves nonetheless.
The nature and form of buildings, too, were deeply affected by the development and spread of the revolutionary new fuels and the industrialized manufacturing processes they engendered. As a consequence architecture changed radically To address the energy issues there are today two kinds of building response. One focuses on regulation-or incentive-driven industry reform along passive energy design, conservation and efficiency lines, and the other seeks to drive more advanced forms of technological and design innovation which are needed to fundamentally transform the way built structures are made. Some countries, most notably Germany, pursue a mandated solar energy pricing policy aimed at jump-starting a new generation of buildings and architectural responses. In a hopeful vision, the zeroemissions house that functions without fossil energy supply, once the exclusive domain of eccentrics and university research laboratories, would become a living reality for a majority of dwellers. Yet to be addressed, however, remains the question of how to reduce the large amount of energy that is embodied in the building materials themselves, the services contributing to their making, and the energy implications of the very form and design of neighbourhoods and cities. Indeed, the energy household of cities is made up by more than buildings and the infrastructures that service these.
It is the sum total of all goods and services measurably consumed in a given location.
Cultural Shifts Towards Sustainable Urban Energy Development

Globalization, Urban and Regional Development and Energy Linkages
Modern globalization, as a complex set of global economic, communications and cultural changes (Sassen, 1991) , is very much driven by the profoundly fossil energy mode the world operates in. Global supply lines secure oil, coal and natural gas from the limited number of highly productive fields in production. The mining, shipping and processing of the raw material and its world-wide distribution has necessitated a vast network of logistics, military management, security arrangements and diplomatic agendas -as well as specialized economic systems. Many armed conflicts are also resource wars. The specter of violent global strife over the control of regional and global fossil fuel supplies rises in the short and medium term (Scheer, 1999) . The result is a single terrestrial system, rapidly growing and fed by tenuous yet distant, even global supply lines. As a consequence, an increasing number of local urban areas is surrounded by formerly productive but now either suburbanized or relatively impoverished, disconnected rural and semi-rural regions. These new 'globalization hinterlands' are the former supply regions of pre-fossil villages and towns, now increasingly defunct, with their population streaming to the rising, brightly lit and comfortably powered, globally networked urban centers.
The deployment of renewable energy technologies has a potential to help bring about a time of differentiated globalization, marked by a distinction between largely local supplies of food and elementary goods on the one hand and the global trade in services on the other. Postglobalism as engendered by non-fossil production modes would be characterized by a rise of regional economies in support of urban centers, based on regional resources such as productive land for food, biomass and wind energy production. New ways of re-knitting central cities with their regional economies and related spatial structures are already being pursued by a number of communities. These are based on age-old principles of rural urban support economies, boosting the primary sectors of agriculture and forestry:
cities around the world are beginning to make concrete links between their renewable energy needs and potential regional resources capable of meeting that need. This movement is also beginning to help spawn new indigenous manufacturing and advanced industry sectors in renewable energy production, supply and services.
On the industrial side current initiatives fall into two categories; that of new technology development on one side and on market uptake of applications on the other. Technology push and supply from the 1970's through the 1990's were limited to a number of limited-scale industry efforts and pockets of largely government-sponsored research and development projects. This history is often marked by a mismatch with market demand, especially given the powerful subsidies granted to the fossil energy sector. However, the international and domestic policy and pricing environment of the early 2000s is changing fast, heralding massive urban technological and practice changes and a natural integration of technology development and markets.
Energy, Cities and Technological Innovation
Cities face the new challenges largely without national guidance and some seek to go beyond individual technology applications, single structures or limited urban areas. They hope to translate international and national agreements onto the local level, despite the institutional constraints of the inherited sectoral systems. Increasingly, urban leaders seek to grapple with the issue of technological innovation, absolute and globally equitable emissions targets, the prospect of urban carbon trading and the pursuit of full integration with mainstream urban management systems.
The most hopeful visions describe entire cities as net renewable energy producers. This idea requires a rethinking of urban-regional alliances as well an adoption of increasingly firm industry promotion practices. The Australian city of Melbourne, as an example, is in the process of investing in renewable energy producers with the dual aim to reduce its fossil fuel dependency and to promote the development of more advanced industries that one day will be capable of competing nationally as well as internationally.
As motivating force subsidies and selective pricing, in the absence of a true deregulation of energy markets, can provide a lasting boon for technological innovation. In a technologically advanced renewable economy energy supplies no longer exclusively depend on large, centralized supply models but can unfold in a more diverse and differentiated manner, in keeping with the contemporary culture of convergence. Indeed, emerging conditions are characterized by a blurring of conventional distinctions between production and consumption. Traditional appliance and facility users can become net energy generators, for instance through solar systems or zero-emission, renewable-source based hydrogen fuel cells in vehicles, capable of powering homes and external machinery.
Systems convergence dynamics point to a merger of information technology, telecommunications and energy systems. While some electric utilities already lease their grids for information transmission purposes, emerging technology goes much further: future energy systems are ubiquitous and pervasive. Operating on the level of individual units, be they consumer appliances, households, neighborhoods or even city-regions, the long-range energy management paradigm is grid-free, self-sufficient and renewable.
Ubiquitous energy management is a hopeful notion that in a renewable-energy based economy a myriad of small and medium-scale providers of energy services could replace the system of large-scale centralized ones. In an urban system this could operate both at the high end described, but also at low levels of technological sophistication. Possible high technology directions contain features derived from information technology and telecommunications mergers, or the blending of these new technologies with energy production and consumption modes residing everywhere, in applications from personal apparel and equipment to cars and facilities. At the lower end of the scale, in a distributed yet low-cost and low-maintenance environment, small hydro-power and solar systems are seen to be capable of leveraging access to global information network for small remote communities in developing nations.
Another technological dimension of the impending energy revolution is the role the internet plays in the energy sustainability of cities. The 1994 United Nations Conference on Environment and Development held in Rio de Janeiro has firmly associated the term sustainability with a global action agenda, connoting international processes of working towards sustainability aims, especially in an urban context. The tradition of sister city arrangements was a rudimentary beginning of inter-urban networks in particular, while activist non-governmental organizations such as Greenpeace pioneered work in global networks as means for local action, giving rise to an age of 'think locally, act globally'.
A number of international networks operate today in the area of energy and the 'sustainability' of cities, and many explore the best manner in which the nature of the internet and the world wide web can be applied to productive ends. It is good to remember that the internet itself, a vital global infrastructure, is entirely dependent on fossil fuel. It may call for a strategic action plan to base it on renewable and sustainable energy sources, through the introduction of suitably distributed, even ubiquitous power supply systems.
Finally, there is a number of ways in which the technologically sophisticated management of environmental information such as local, community or point-of-emission accounting data is crucial in the making of policy.
Integration of currently available information, modes of visualization and analysis (Droege, 1997) , the massive networking of personal computers -these are all technologies and techniques advancing at national or international levels but remain woefully unavailable or inadequate locally.
Climate Stability in Development
Local policy environments during the late 20 th century were marked by a lack of commitment to planned urban energy practice, due to the investment in existing centralized power arrangements. Another reason lies in the pervasive process management culture in many local administrative structures without clear accountabilities and in the absence of local levers, incentives and practical means of allocating or influencing emissions. As global agreements are bound to become firmer under mounting pressures to resolve the greenhouse challenge, and as nations and trading units such as the European Union begin to establish clearer greenhouse, energy and environment frameworks, the pressure will mount to arrive at unprecedented arrangements in urban emissions and energy practice.
In a world in which cities emerge as global emissions performers, distributed energy managers and even credit trading entities, a science and engineering practice emerges that interprets cities and city regions as power systems, resource flow units and point-of-emission entities. The most visible of current community planning models are based on relative improvement targets and selective means of accounting for greenhouse gas (GHG) emissions.
A number of place-based emissions allocation techniques and action approaches are currently in use. Research Organization. Another ambitious model is a total-flow, end-consumption and value-based accounting system (Lenzen, 1997) . It also aims to compare, evaluate and advance a range of methods.
While most GHG emission sources and mitigation efforts are inherently local, their effects and most easy modes of measurement are global. However, the identification of globally diffused GHG levels carries little practical local meaning. In order for cities to become active and integral participants of any global action program, they need to opt for one or the other GHG accounting or allocation method that reliably links local practice to global aims. A persuasive argument holds that only systems directly applicable to reliably measuring contributions to climate stability are valid, and more specifically approaches that embrace the aforementioned 3.3 ton of carbon dioxide-equivalent target by 2050 (Byrne et al, 1998 ).
An ideal method has not yet been arrived at, and in pursuing it, cities and their supporters need to apply certain performance criteria. To be informative, universally acceptable and suitable as a basis for coordinated climate stable practice such model would need to be comprehensive, precise and accurate. To be useful it has be pragmatic, affordable and easily replicable across a large number of communities or geographic units. Another challenge lies in avoiding a new information poverty barrier. It could develop were local carbon trading to be introduced as based on highly sophisticated and expensive forms of data gathering -poorer nations have less capability to cope with the technical challenges involved in measuring current emissions performance, let alone reliably monitor its progress over time.
The single most widely promoted method is deployed by ICLEI's CCP program. It is to be introduced by local governments as the first of CCP's five steps to better GHG performance: namely the arrival at an energy and emissions inventory, forecast, reduction target, target achievement plan and active implementation program to achieve measurable GHG reductions. At these relatively early days of the CCP program measurable success in reaching significant implementation goals has been elusive, while the other milestones have been reached to highly varying degrees. It is possible that in future rounds of development, in association with other methods and given a better understanding of the key barriers to success a break-through in implementation can be achieved. The very imperfections of the method and its omission of significant emission aspects makes the CCP system attractive in practical terms but scientifically not unambiguous to use in globally credible accounting contexts, or even for local improvement monitoring over time, when absolute performance is to be measured.
There are a number of obstacles to a transformed urban energy practice, although none of them are insurmountable in principle. The most formidable is the fact that local governance structures are not usually geared to end-state or long-range planning, and hence the adoption of any form of long-term accountings. The effective allocation of incentives and accountabilities is difficult, too. Notwithstanding the efforts described above there is the persistent question of how to convincingly disentangle resource flows in a local government area not only for carbon accounting but also for scenario modelling purposes, and how to identify agency accountabilities for savings and reduction.
The very consideration of broad energy and greenhouse action programs opens up new dimensions for government.
It provides a new development perspective and can drive regional realignments, the formation of state initiatives and industrial alliances. It can mean a new sense of empowerment and the opportunity for economic strengthening, as well as competitive advantages of a more promotional nature.
Whatever the difficulties, the benefits are promising. Governments have begun to discover that energy responses can be scaled well to local development conditions and growth options. In newly industrializing countries with interest in maintaining considerable levels of autonomy such as China and India there is a good fit with local traditions and climatic and economic conditions. Local industry could get stimulated while environmental agendas are promised to find practical reinforcement. Comprehensive renewable energy practice on the local level directly reinforces broad quality of life aims, as well as healthy water, food and bio-diversity practice.
Besides meeting the possibly looming aim of responsibility devolution in pursuit of global greenhouse objectives, another government reform agenda item is being satisfied as well: better accountability in public service. Outcomegeared reform and strengthening of local governance in delivering on performance commitments could well be a direct outcome of an indexed and measurable sustainable energy practice. Local consensus, too, is expected to be forthcoming more easily as agendas become more clearly understood, and made visible in tangible improvements.
Structuring Urban Renewable Energy Research: the IEA Solar City Program
In the absence of useful established patterns of practice a search is under way for new means of reconciling local government's sectorial concerns, technological opportunities and shifts in energy markets with global environmental imperatives. As one example of a current attempt to contribute to cities' quest for sustainable energy futures, Solar City Since its beginning after the early 1970's oil crisis the IEA has expanded its agenda from international energy security concerns to climate change. It has also moved from serving primarily OECD countries to reaching out to the rest of the world. In the research and development agenda of its Committee for Energy Research and Technology (CERT) a growing emphasis is being placed on renewable energy, and on expanding from a technology development mission to a community and market push. By not duplicating but enhancing existing and related national and local urban development programs and networks the Solar City initiative is designed to build on a growing momentum world-wide, adding valuable intelligence, focus
and an implementation-geared mission. It is also structured to interface with international development aid and loan programs: the program is proposed as a primary partner in multi-lateral settings of development support. It also could lend itself well to the support of inter-city and town-regional networks, with or without affiliation with international NGO or local government networks. Currently prospective cities and national partners at varying levels of development and in different sizes and development stages position themselves for participation.
Solar City aims at working collaboratively in local institutions. It focuses on the energy supply and technology side, embedded in a comprehensive town planning and design strategy that includes institutional arrangements. It promotes the further development of energy technology applications and emissions accounting systems along with performance targets linked to urban development and reform initiatives. It also advocates land use strategies that are based on a consideration of urban-rural linkages and value land use and transport investment choices according to their potential contribution to long-range energy and resource self-sufficiency.
The Solar City concept is divided into three thematic areas of inquiry and two general investigation programs to operate across these. They are to be advanced simultaneously, within nationally defined agendas. These are (a) sustainable-energy focused urban planning strategies; (b) targets, baseline studies and scenario development; (c) and urban energy technology, industry and business development. The two general investigation program streams focus on best practice cases and on learning in action.
Solar City strategies. This activity is to identify local planning and development approaches that are conducive to the introduction of solar and other renewable energy technologies, within a broadly energy-conscious community development approach. To be addressed are issues of strategy, planning tools, organizational arrangements, legislation and standards, incentive structures, public information and exemplary municipal practice.
By introducing improved ways of adopting solar and other renewable energy technologies the program is to contribute to climate-stable practice in the building and property development industry, land-use planning and infrastructure development. Solar City is also to strengthen local governments' efforts to build enlightened community performance and household preferences.
There are five ways in which better practice can be promoted by cities and towns:
• direct legislation and standards;
• the provision of incentives and disincentives;
• corporate capital asset practice, power purchasing and pricing;
• institutional reform and improved strategic and general planning practices; and
• community action development, industry alliances, information and education.
This activity is to investigate each of these in detail and develop advanced means of building improved urban practice approaches, in full partnership with the participating cities.
Targets, baseline studies and development scenarios. in a way that can serve as model for the rest of the national urban system. The emphasis is therefore on research and development work into market-led approaches of technology system development and deployment, though pricing, investment, electricity purchasing policies, information, model action and other means.
Optional paths are to be developed, evaluated and implemented, suitable for the informed and broad introduction of renewable energy technology portfolios for the use by city governments, municipal utilities, businesses, industries and households. Special emphasis is to be placed on micro-generation and distributed low-energy production in buildings, facilities and urban systems. Current, emerging and potentially competing solar and other renewable energy technologies, systems and related urban services are to be assessed for their urban modification and city-wide, systematic introduction in ways that are meaningful to cities' development agendas -physical planning, sustainability objectives, organization, services -and their pursuit of targeted emissions reductions.
Results are expected to include technology, systems and industry development options, suitable for selective and targeted implementation in general and specific action plans. What can city governments in collaboration with industry and constituent urban communities do to advance the direct use of renewable energy sources? How can these be useful to residential neighborhoods, to industry and transport? How can they support the generation of electricity in quantity, such as through solar, wind, biomass, geothermal and sustainable hydro-electric power? And how can cities contribute to the development and deployment of technology development strategies in industrial and residential consumeroriented application, such as stand-alone power generators, heat pumps, photovoltaics, solar hot water and solar cooling?
Understanding best practice. The objective here is make accessible and apply useful lessons from current and recent related initiatives domestically and world-wide. This is to be achieved by studying successful practice in integrated urban energy planning, management and projects. The activities include an identification of scope and criteria for evaluation; information gathering and documentation; study and evaluation; analysis and description; case study development; and communication and dissemination. This encompasses technologies, management practices as well as growth strategies. As a point of departure, at least three categories of case studies will be differentiated: comparable cities, urban precincts and settlement projects but also development policies and programs.
Learning from action. An important objective is to feed back program experience derived from the participating cities. This will help develop a shared understanding of the barriers to, dynamics and impacts of community, institutional, industrial and technological change, with a view towards the planned and targeted, GHG-reductions geared phasing in of solar and other renewable energy sources on an urban and regional scale. This activity will not only be useful to the participants, but of value in the application of lessons and methods across the national urban system.
Renewable Energy for Sustainable City Programs
Because of fossil fuel we live in a rapidly urbanizing world. Hence, cities and city regions are central and fertile settings for effective energy policy, programs and projects. Cities are not only powerful potential markets for the introduction of renewable energy technologies but also the national and regional seats of political power, and the core settings of cultural discourse and technological innovation. They form the very frameworks for development: local government, planning structures and the powerful civic organizations that are so important in many cultural contexts.
Cities face extraordinary opportunities in their gradual but inexorable change from the risky and costly systems of fossil power reticulation to a world of sustainable, affordable, diverse and ultimately ubiquitous energy management.
The hope is one of growing choice in scales of operation and levels of technological sophistication. Fundamental changes in urban power regimes that are in keeping with sustainable development practices promise to revitalize regional and rural development, and boost urban business and technological innovation. And by pursuing energy reform strategies in keeping with globally sustainable greenhouse gas emission levels, local urban leaders can also act globally by helping achieve greater equity and justice in international development. There is much to be done in this area, as the relatively sparse literature documents. Capello, Nijkamp and Pepping's 1999 volume on 'Sustainable Cities and Energy
Policies' demonstrates in its conclusions, 'Policy Recommendations and Guidelines for Renewable Energy
